Background: Little is known about fertility desire in HIV-positive female sex workers. Fertility desire could increase HIV transmission risk if it was associated with condomless sex or lower adherence to antiretroviral therapy.
INTRODUCTION
Expanded access to antiretroviral therapy (ART) in Africa offers HIV-positive women the opportunity to live longer, resume sexual relationships, and become pregnant with substantially reduced risk of HIV transmission to HIV-negative partners and infants. [1] [2] [3] [4] Unmet need for contraception and unintended pregnancy among HIV-positive women has been described, 5, 6 with increased attention to fertility desire and need for safer conception. 7 Recent population-based surveys suggest that 7%-40% of HIV-positive women in Africa desire more children. 5, 8, 9 Fertility desire, without adequate counseling for safer conception, could be an important risk factor for secondary HIV transmission if women engage in more condomless sex despite having a detectable viral load (VL).
Women who are HIV positive and engage in condomless sex can greatly reduce the risk of HIV transmission through consistent adherence to ART and resultant viral suppression. 10, 11 Fertility desire could be associated with higher rates of viral suppression if women believe that taking ART in pregnancy will reduce their risk transmitting HIV to their sexual partner and their baby. 12 Conversely, fertility desire could increase the risk of detectable VL if women interrupt HIV treatment because of concerns about medication toxicities to the fetus 13 or fear of abandonment by a partner on learning her HIV status. 14, 15 Female sex workers (FSWs) in Africa are a key population at high risk for HIV acquisition and for HIV transmission to sexual partners. 7, 16 In Kenya, 14% of HIV transmission is due to sex work, 17 with potentially higher rates with regular partners because of lower condom use. 18 This population has a high frequency of unintended pregnancy and risk of vertical transmission. 8 The use of nonbarrier methods of contraception among FSWs has been low in several studies, 8, 19 ranging from 12% to 54%. 19, 20 The most common nonbarrier methods that FSWs use are hormonal injectables and pills. 7, 19, 20 Combination prevention programs for HIV-positive FSWs, which emphasize consistent condom use and high adherence to ART to prevent onward transmission, focus on reducing their risk of transmitting HIV to sex partners. 8, 21 Although pregnancy prevention is emphasized, women's fertility preferences are typically not addressed. 22 Despite stigma related to sex work and HIV status, many HIV-positive FSWs desire more children. [22] [23] [24] Studies exploring fertility desire in relation to risk factors for HIV transmission in FSWs are lacking. 23 To address this knowledge gap, we conducted a prospective cohort study of fertility desire as a risk factor for condomless sex (using prostate-specific antigen [PSA] test as a biologic marker), detectable plasma VL, and transmission potential (visits when both PSA detection and a detectable VL were present), in HIV-positive FSWs among Mombasa, Kenya.
METHODS
Women were recruited for this prospective cohort study between October 2012 and December 2015 from an ongoing cohort at Ganjoni Clinic, a primary venue for FSW sexually trans-mitted infections (STIs) testing and treatment in Mombasa for more than 3 decades. Ongoing recruitment of new participants occurred through outreach at bars 2-8 times per month. Eligible women were laboratory-confirmed HIV positive, $18 years old, had initiated ART, and reported ever exchange of sex for cash or in-kind payment. Detailed methods for this cohort have been published. 25 Women were excluded from this analysis if they were pregnant or postmenopausal. At enrollment, women completed a standardized face-to-face interview to collect sociodemographic, health, and behavioral data. A study clinician conducted a physical examination including a speculum-assisted pelvic examination to collect genital swabs for laboratory testing. Participants returned monthly for behavioral data collection. Physical examinations and genital sample collection for detection of semen and STI were repeated quarterly, and blood samples were collected for VL testing every 6 months. Participants received free medical care at the research clinic, counseling on consistent adherence to ART and condom use for health promotion and prevention of onward HIV transmission, demonstrations on correct condom use, if needed, nonbarrier contraceptive options (oral contraceptives, hormonal injections, intrauterine contraceptive devices), STI treatment, and ART according to Kenyan National Guidelines. At each visit, participants were compensated 250 Kenyan shillings (about $2.50). This study was approved by the ethics committees of Kenyatta National Hospital and the University of Washington. All participants provided written informed consent.
Fertility desire was assessed quarterly by asking a question adapted from the Kenyan Demographic and Health Survey: "Do you want any/more children?" 26 Women who responded yes were asked about fertility intent by asking: "Are you trying to get pregnant now?" This study had 2 primary outcomes. Semen was detected in vaginal secretions by PSA test, collected at quarterly examination visits (ABACard, West Hills, CA). This biomarker is most sensitive for detecting semen within 24-48 hours after condomless sex. 27 Detectable plasma VL, examined every 3 months, was defined as $180 copies per milliliter (Hologic, Gen-Probe, San Diego, CA). This cutpoint was higher than the assay lower limit of detection (,30 copies per milliliter) because some 100-mL samples had to be diluted 6-fold, to a final volume of 600 mL before testing. Because results were not available in real time, women did not know their VL status during the study.
HIV transmission potential was defined as occurring at visits when both semen detection by PSA test and detectable plasma VL were present. The relationship between fertility desire and HIV transmission potential was evaluated as an exploratory outcome.
A secondary analysis was conducted to evaluate fertility desire as a risk factor for self-reported condomless sex. Sexual behavior data were collected monthly. Any condomless sex in the past week was defined as the number of total sex acts exceeding the number of sex acts with a condom, as in our previous studies. 28, 29 Because this outcome was highly skewed, we created a binary variable to represent any versus no condomless less. Sensitivity analyses were performed with additional self-reported sexual behavioral outcomes (Supplemental Digital Content Table 1 , http://links.lww.com/QAI/B139). In a separate secondary analysis, fertility desire was evaluated as a risk factor for poor adherence to ART. This variable was defined as .48 hours late for a scheduled refill based on research pharmacy data ("late refill," hereafter). 30 Covariate data were collected at enrollment and time updated at different intervals depending on the measure. Characteristics included age; years in sex work; early sexual debut (,15 years vs. $15); highest education level (,8 years vs. $8); workplace (bar, nightclub, home/other); number of live births; postpartum status (#9 months since last birth); and use of any nonbarrier contraceptive method. Modern nonbarrier contraception, collected monthly, was defined as methods with a typical-use failure rate of less than 10% per year (injectable hormonal contraception, oral contraceptives, and intrauterine device) compared with condoms only or no method. 31 Women were asked quarterly to identify whether they had a regular male sex partner (boyfriend or husband), who was not a client or casual partner (yes/no). Women were asked annually about that regular partner's expected reaction to a future pregnancy (excited, neutral, and upset). Exposure to controlling behaviors (yes to $1 of 7 acts ever) and to any intimate partner violence by the regular partner (yes to $1 of 13 acts past 12 months) were measured annually as in our previous studies, 25, 32 using items adapted from a global violence against women survey. 33 Depressive symptoms in the past 2 weeks were assessed every 6 months by Patient Health Questionnaire-9 [0-4 (minimal), 5-9 (mild), 10 or higher (moderate or severe)]. 34 Alcohol use in the past year was assessed annually by the Alcohol Use Disorders Identification Test [(AUDIT), 0 (nondrinkers), 1-6 (minimal), 7-15 (moderate), and $16 (possible alcohol use disorder)]. 35 Disclosure of HIV status was assessed every 6 months by asking whether women had ever shared their results with someone, and if so, with whom. 36 
Statistical Analysis
Women contributed survey and laboratory data to this analysis from October 2012 until administrative censoring (December 31, 2015). Fertility desire status was carried forward for intervening visits until the next quarterly assessment to permit analyses with outcomes and covariate data that occurred between quarterly visits.
The primary analyses tested the hypotheses that fertility desire was associated with higher risk of semen detection by PSA test and, separately, with higher risk of detectable VL. 13 We also explored whether fertility desire was associated with higher risk of HIV transmission potential events.
In the analysis of fertility desire as a risk factor for semen detection by PSA test, effect modification by nonbarrier contraceptive use was evaluated based on the hypothesis that the relationship between fertility desire and condomless sex would differ depending on whether women reported using a modern nonbarrier contraceptive method. An interaction term between fertility desire and nonbarrier contraceptive use was entered into a model that included the outcome, fertility desire, and any nonbarrier contraceptive use. If the P value for the interaction term was ,0.10 using a Wald test, we performed stratified analyses.
Log-binomial generalized estimating equations with independence working correlation structure and robust standard errors were used to generate relative risks (RRs) and 95% confidence intervals (CIs). 37 Multivariate model building evaluated prespecified confounding factors based on previous studies. 9, 23, [38] [39] [40] Variables that changed the relative risk estimate by .10% in univariate analyses were retained in the multivariate model. 41 Conceptual diagrams of the proposed relationships between variables are provided in a supplementary digital appendix (Supplemental Digital Content Figs. 1 and 2, http://links.lww.com/QAI/B137, http://links. lww.com/QAI/B138). Age (continuous) and number of live births (continuous) were prespecified potential confounding factors included in the multivariate model. 40 Additional variables were each tested for association with the outcome in a separate univariate model. These factors included sociodemographic characteristics, age of first sex, alcohol use, depressive symptoms, intimate partner violence in the past year, HIV disclosure to anyone other than a health care provider, and disclosure to a husband or boyfriend. Variables were entered into a regression model in descending order of the size of their RRs in unadjusted analyses. In the event of collinearity, the more plausible confounding factor was retained in the model. For subgroup analyses by nonbarrier modern contraceptive use, model building was performed separately in each stratum. Additional exploratory analyses were conducted using fertility intent as an exposure.
To evaluate the association between fertility desire and detectable VL in every 6 months visits with VL data, we included age and education level as prespecified confounding factors based on our conceptual diagram. Secondary analyses of fertility desire and late refill, a marker for poor adherence, used the final adjusted model from the VL analysis.
The exploratory analysis of fertility desire and HIV transmission potential included visits with both PSA and VL data, with age as the only prespecified confounding factor because age was the common confounding factor in the PSA and VL analyses. Because the combined outcome was less frequent than the individual outcomes (31/981 visits, 3.1%), these analyses used generalized estimating equation linear regression with robust standard errors to estimate the absolute risk (risk difference) of HIV transmission potential events, comparing visits with and without fertility desire.
Missing exposure and covariate data were ,2%, and missing outcomes were ,10% (PSA, ,1%, VL data, ,7%). Therefore, a complete case analysis was performed. All analyses were conducted in STATA 13.0 (College Station, TX).
Power calculations were performed separately for each primary aim, accounting for correlation of observations within women. A sample of 2000 visits for the PSA analysis was expected to provide .80% power to detect an RR $1.6 overall and .80% power to detect an RR $1.8 for subgroup analyses of PSA detection. A target of 990 visits in the VL analysis was required to provide .80% power to detect an RR $1.8 for detectable VL.
RESULTS
Overall, 255 women contributed 475 person-years to the analyses. The median number of follow-up visits per women was 19 (interquartile range 7-33). Baseline characteristics of participants are presented in Table 1 . Median age was 38 years (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) , and median time in sex work was 9 years (5-14). Most women reported having a regular emotional partner (ie, boyfriend or husband; 208/255, 82.0%). Onequarter of women reported fertility desire (65/255, 25.5%). Fertility desire was modestly higher at visits when women reported having a regular partner [370/1534 visits (24.3%) compared with 92/487 (18.9%); x 2 = 6.05, P value = 0.014]. About one-third of women reported using a modern nonbarrier contraceptive method (79/255, 30.9%).
Fertility Desire and Semen Detection by PSA Test
The analysis of fertility desire as a risk factor for semen detection by PSA test included 255 women and 2011 quarterly examination visits. Desire for more children was common (453/1985, 22.8% of visits in 90 women). Semen detection by PSA test occurred at 373/2011 (18.6%) visits in 152 women. We found evidence of effect modification by nonbarrier contraceptive use (interaction P value = 0.004), so results are presented separately in visits where women reported use of modern methods and visits when they did not ( Table 3) .
In analyses of self-reported sexual behavior, fertility desire was associated with higher risk of self-reported condomless sex in the past week in the subgroup of visits where women reported not using modern nonbarrier contraception, after adjusting for age and number of live births (aRR 1.58, 95% CI: 1.12 to 2.23). Interestingly, and in contrast to results from the PSA analysis, in the subgroup of visits when women were using a nonbarrier method, fertility desire was also associated with higher risk of selfreported condomless sex, after adjusting for age, number of live births, and age of first sex (aRR 2.55, 95% CI: 
DISCUSSION
In this prospective study of HIV-positive FSWs enrolled in HIV treatment in Kenya, fertility desire was associated with higher risk of biological evidence of condomless sex only when women reported not using nonbarrier contraception. Fertility desire was not associated with higher risk of detectable plasma VL. Episodes of HIV transmission potential were infrequent regardless of fertility desire. These results suggest that combination prevention, focused on condom use and ART adherence to reduce transmission risk, may be effective even in FSWs who report that they desire more children.
Results from this prospective cohort study expand on findings from previous cross-sectional studies by showing a temporal relationship between reports of fertility desire and unprotected sex, using biomarker evidence of condomless sex, and examining differences in this association by nonbarrier contraceptive use. Cross-sectional studies of HIVpositive FSWs in West Africa and general population women in Uganda have found that fertility desire was associated with a higher proportion of self-reported condomless sex. 23, 42 However, a cohort study in general population HIV-positive women in Uganda did not find an association between fertility desire and self-reported condomless sex. 40 These differing findings may be due to differences in measures and study populations.
A unique feature of this study was our finding that the association between fertility desire and condomless sex differed by nonbarrier contraceptive use. Notably, fertility desire was associated with lower risk of semen detection in visits where women were using nonbarrier methods, which may suggest that these women were actively preventing pregnancy in the near term while still desiring a future pregnancy.
In this era of combination HIV prevention, an important finding in this study was the low number of HIV transmission potential events. Although viral suppression was below the United Nations' target of 90%, it was higher than reported in previous studies in FSWs in Africa. 43, 44 Although the subgroup of women who were not using nonbarrier contraception and desired an additional child had increased risk of biologic evidence of condomless sex, we observed no increased risk of events suggestive of HIV transmission potential. This indicates that the combination of ART and condom use was effective at minimizing episodes of concurrent unprotected sex and detectable plasma VL. 45 A more deliberate effort to provide preconception counseling for these women could help to support safer conception. This approach could emphasize confirmation of VL suppression, followed by timed condomless sex during periods of peak fertility, to minimize risk of HIV transmission and STI acquisition. 8, 22 In this study, we found substantial underreporting of unprotected sex compared with that of semen detection by PSA test. This finding is consistent with our previous study comparing biologic and self-reported measures of condomless sex in this cohort. 46 Self-reported condomless sex measures recalled behavior and willingness to report it. Interestingly, in women not using nonbarrier contraception, both PSA and self-reported data suggested that fertility desire was associated with more condomless sex. By contrast, among women using nonbarrier contraception, PSA results suggested less condomless sex, whereas self-report suggested more. This 47 This study had several strengths. The longitudinal cohort design with time-updated exposure and outcome measurements permitted evaluation of temporal relationships between fertility desire and condomless sex, VL, and episodes representing HIV transmission potential. Biomarker endpoints added rigor to these findings. A standardized measure of fertility desire was used, enhancing comparability with previous studies. 39, 40, 48 An ongoing complementary qualitative study in this cohort will help to clarify pathways linking fertility desire, contraceptive use, and sexual behavior. Finally, this study focused on HIV-positive FSWs, which could inform tailoring of combination HIV prevention programs for this key population. 22 This study also had limitations. First, we evaluated fertility desire with a single question, which may not have fully captured women's fertility preferences. 49 Qualitative studies in HIV-positive women reveal that women may experience varying degrees of fertility desire, depending on their relationships, HIV-status disclosure, and concern about perceived risk of HIV transmission. 15, 38 Second, fertility desire is a sensitive topic in HIV-positive women and is subject to social desirability bias. Fertility desire may have been over-reported because of social expectations for women to bear children, 14, 50, 51 or underreported if some women feared being judged by the provider for wanting more children despite the risk of HIV transmission. 21, 38 Condomless sex may have differed by partner type. Our sexual behavior measures were not partner specific. Finally, the sample included HIV-positive FSWs receiving care at a research clinic, with median age of 38. The relationship between fertility desire and HIV transmission risk indicators may differ in FSWs who are not receiving HIV care tailored to this key population and in younger women. Specifically, FSWs desiring more children who are not on ART likely have elevated risk of HIV transmission potential. 3 
CONCLUSIONS
Fertility desire was common in this cohort of HIVpositive FSWs on ART but did not seem to increase HIV transmission risk. Even in women who desired more children and were not using contraception other than condoms, events representing HIV transmission potential were rare. This finding suggests that combination prevention emphasizing consistent condom use and ART adherence is effective in this key population. Assessment of fertility desire among HIVpositive FSWs in HIV services should be routine. Understanding women's fertility desires, whether and when they want more children in the future, would help to tailor appropriate contraceptive options and safer conception counseling. These services could help women to realize their reproductive goals while also protecting their own health and the health of their partners and future children. 52, 53 
